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[57] ABSTRACT 

A method of treating a li£^t metal cylinder bore wall to 
adherently receive a t hermally sprayed m^allic coating, that 
comprises (a) honing me wall to produce a net cylinder 
shape surface by use of spiral ovgto ping cross -Hahrasions 
having certain peaks and valleys ofifieaibrasions folded over 
and molded to aeate tears, folds and undercuts rendering a 
hook and ladder effect, (he honing being carried ont with tiie 
use of a machining coolant to prevent^bumishing of the 
walls; (b) either concuirently or shorUy after step (a), 
washing the honed surface with a hot alkaline sdation 
con^iiislng (f) a non-soaping aluminate farming ^ent 
(sodium xanthate) that produces a residue on the walls, and 
(ii) surfactants that facilitate wetting of the walls even when 
some steam bubbles may be present; (c) rinsing the washed 
surfaces without disturfoing the residue; and (d)^^^cid^ 
spra3diiig.a ittetal]Uc_tK>nd coat and top coat on the hoiedand 
washed surface to render adhesion between the coating and 
prq^ited^rface that is at least 6000 psL 

8 Clafans, 2 Drawing l^ieets 
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METHOD OF TREATING LIGHT METTAL non-soapmg aluminate agent that produces a protective 

CYLINDER BORE WALLS TO RECEIVE residue on the wails, and (ii) surfactants that faciiitate 

THIKMAL SPRAYED METAL COATINGS wetting of the walls even when some steam bubbles may be 

present; (c) rinsing tiie washed surfaces without distuibing 

TECHNICAL FIELD s said le^ufaie; and (d)tlieimal]y spraying a noetaliic bond coat 

, ^ , ^ , ^ on said honed and washed sinfece to render a adhesion 

TTiisinventionrelatesto&eted^^^^ ^ ^ ^ l^^t 

mally sprayed metalhc coatings to metallic smfaces and 2goo nsi *> r *™ 

more partiailarity to enhanctog sudi bond for applications ... ,^ ^ ^. t. . . 

experiencmB severe opeiatinB conditions washing sohition preferably contams an ahmnnatc 

p g <^iaaaiig fonning agent that consists of sodium xanthate hydroxide or 

DISCUSSION OP THE PRIOR ART meta silicate^ which may be fluoro siliconized; ttie alkalini^ 

agent may camfnise anionic hydroxides or meta silicates of 

Machining witfi oily coolants has been the norm for sodiun or potassium; the surfactants may comprise nonionlc 

surface preparation d metal substrates. There has been some fiooronated hydrocaifoons such as Huorad® produced by 

early attenD|>ts by the |ffior art to roughen steel or iron to is 3M camj^aay^ and die solutions may con^nise non-soaping 

accept coatings sncfaoes.fehQningio Jlqwed by deceasing and non smutting agents such as octoates of sodium and 

and.^ giungiiiiigsd| ately.pricr.tojcoating, ti^^^ were potassium, and hydrocarbons sndi as sodium ghiconate. 

lSSlS'dSi:?,.^*.t^^>£ ^ ^BSCRIPnON OF^B DRAWINGS 

that is presented by light weight metals, such as aluminum^ 20 FIG. 1 is a process flow diagram of a preferred mode of 
which possesses a tenacious oxide film. Aluminum cairyiiig out this invention; and 

substrata partioilarly those to be used in very severe FIG. 2 is an enlaced schematic diagram of the peaks and 
operating conditions, such as in a cylinder chamber of an valleys created by the honing st^ and also showing the 
internal combustion en^ne, present a very challenging mechanical and metallurgical bond witti the tfioroal spray 

problem for adhesiQgLPf^.^attog s to the prepared juif ace. 25 coating tha:eon. 

F<^iBon of alumimmx oxide on any exposed aluminum DETAILED DESCRIFnON AND BEST MODE 

sinf ace normally inhihits chemical or inechamcal bonding cf 

the superin^oscdmctaHiccoatingirrcspcctiveof thctypc of ^ shown in FIG. 1, a ligjit weight metal casting 10 of 
fliennal spraying enq>loyed. aluminum, titanhim or magnesinm Is first made, such as in 

lb prepare dordnum for bondiBg a thexmaUy sprayed » *e form of an ataimnmn « dnntfrnim alloy engtaeblocfc 
metal, ft is known to scqu=ntially(l) Tapar de^c^ the ^ ^ 5^ ^ VJ"*"". ^ 

metal surfaces containing oils and ^ tot iSuh from tedimqaes umg amoU 11 that «, coinpiised of pamanent 

„ , 1- J - ^ *u orrecycialdemoidparts. The character of the mold surface 

^ to coolmg fluids n^dmi^jn^mmg rf th^ 13 cai speed or stow down the cooling laie «f the molten 
surface, and (li) roughen the surface sndi as by gnt blasting, , . ^ ^ * ^ i — ^ • *i- 

etdiing wa^jg^T^tlSiading (SeeigpS! "^"^ "^f^ ^ l^^^'^'A^ inicrostrucnire m t^e 

3»5?rHo^^f^ -ssssratoTifi^jdS^ not '"^f*^-"^!!'* f "^^"^ ^ 

*\L^Za,u* •^♦o^ A- ^JiA^ «i« surface 13, to better meet SCTvice conditions. The as-cast 

thoroughly protect the aluminum agamst the oxide film that - - - ^ - «. x ■_ * on 

^T^'- ^ ^ ^ t surface will usually have a surface finish of about 5-20 um 

aggr^iydyi«pp««,eyenaft«sfrongwog^^ Ra or preferaWfLaWLS jim Ra. 

resulting in low bcmdstreaedu. Such oodde will inbibit the «^ 1»«"»™J' ^-^^ w luivw. „^ . 

chemical bonding <rf any mdaUic citing, even mi^rthat *> " is usually madmied or mflled nsmg a single 

arc aggSiHvej^-itiSrtcdtol^ lb ^ «?^8 ^ P™*«^ « "«*.f?^ <=J*?'^ ^ 

rely only onTnecfefiiaUIidh-^liSiTliaiii^ siirfacetetis^meta^y-dipiedwift 1^^^ 

roughening, -firtESiraiso sevetely distuptiig or removing s«rf«f « l>as « smfaoe flm* of 0.5-50 Mm Ra. Swh 

thechemicalfflmontfaeparentinetal surface, not only leads i^!!2!M.^^J^S!BI«^^ 
to increased coating expense and disaligned coatings, but « ""^^H^-:^^'^^ sg^red dnBrtly onto the to^^^ 

usually results In low bind strengths. and surface duilng ai|cgttag_(yeiatton. Sich pitting flitfd 

•nn.* • J J. T . . ^. . contains gease.and,oil8.M,a fluid earner tnat leaves an wly 

What 18 needed is economic^ and^wej^od fl]m^S^,nachined surSSHg^Shi^^ 

the bond^g steng^^Sesa^^ ^ remo^i fiSSWiiiMbi W adhesion and bonding of 

^^iM-^e^mfm^S^^otja^ wtetote ; the metalize d coating ^ ' K Migarauininimi suifece. 

method should provide a synersjsbc mechamc»Vdiam^ Aluminum substrates, paiUculatly those to be used in vay 
g^ement m the adherence of the coatmg to the substiate conditions (a cyUnder chamber of an inter- 

nal comibustion engine) present an adhesion problenL Alu- 
SUMMATOT OF THE INVENTION ^y exposed aluminum surfecc tobe coated 

will inhibit chemical or mecfaamcal bondmg of a supenm- 
The inveDtion, meeting the above object, is a mediod of posed metallic coating irrespective of the type of thermal 
treating a light m^ cylinder bare wall to adherently spraying employed. 

receive a thermally sprayed metallic coating, that campiises Tlds invention uniquely prepares the machined aluminum 

(a) honing the wall to produce a net cylinder shape surface 60 surface for tiiennal sprayin g by concurrently or sequentiaUy 
oxide by use of spiral overlapping cross-abrasions having (i) honin g the substrate m a i pnAqL Jo.{gj^ 
certain peaks and valleys of said abrasions folded over and "g^a pptng cross-abrasions tf iat create peaks and valleys 
molded to create tears, folds and undercuts rendering a hook v^g gleast som e.of the peatg b eing foldal over and molded 
and ladder effect, the honing being carried out with the use to create tears, holes, and undercuts rend^ing^'hook and 
of a.m adilning coolM it to prevenLbumishing:of:the.walls;^65 ladder effect, and (ii) washing the honed surface vwt fa an 

(b) dther concurrently or Portly after step (a), washing the a]ka%euahiminaterf<gndngjs^i^^ that leaves a prote^ve 
honed surface with a hot alkaline solution comprising (i) a residueJanJ^Le^posed aluminum surface 
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Tocanymithoning^aradUUy ex|>andaUehol(lexcaiTying nan-snmtting nonionic agents sudi as sodium carbonate, 

t he piuralifar of honing 17 stones may be used, as sho\vn in Ihe solution is used at a temperature in the range of 

HGT 1, which lighUylrngs the stones against surface 13 as 120*^-160*^ E (preferably about 140^ R) and sprayed at a 

the toclxs^lf^and'reciprocates-flushed.b}^!]]^^ pressure of about 5-30 because the ^lied pressure will 

^T^Tmany as dght honing stones are en^loyed, each 5 dean cut the pores of the ahiminums snif ace and facilitate 

fiSvSg an outer surface with a radius complementaiy to tiie removal of any surface film without erosions, 

internal radius of the cylinder bcare surface 13 of the alumi- The dean-up solution is mildly alkaline to protect the 

num blo<^ that is being honed^Th e mitfgial of the stone s is fitesh surface from oKidatioa about 10-10.5); the sohi- 

preferably convulsed of^a'^ow Sar^mil^ItHHid^ &onSning tion is a no etch cleaner is inhibited and contains nonionic 

abras ive partM ergP^ars izg ialiatffl ^^^^^from about 40 and anionic surfactants. The aluminate forming agent is 

to ISMjnisJUB^crs. Hie abrasive x^ti^^fHcferaWy con- impoalant because it leaves a scum-like residue on the honed 

sist can be a^^S^^^ ^ such ass iiioon akuninum surface that is easily v^>Qrizedupon inqiact of the 

cajt^r^iminum oxide, g^Mo n ^^^w?^tc., whidi are subsequent thennal spraying material. The residue prevents 

effective in abradkg^iEralSD^lim*^)^ Diamond is oxygen molecules from making contact with the aluminum 

harder and longi^~lasting^iritfa sharp edges, while siHoon ^ ^ surface and thereby will protect the ahiminum from oxide 

carbide is a better conductor of heat than aluminimi oxide formation thereon for a period of up to about 48 hours, 

and fractures more easily, providing new catting surfaces Although a single use of the dean-up solution should be 

that extend the oscfui life of the abrasive. followed by a rinse 21 to obtain the benefits of this 

The honing tool 19 is inserted and rotationally and invention, a conmiafcial washing line may rq}cat the opera- 

redprocafly'j^v^ltoM^aiy 'tHe'pliu^ of honing Stones 20 ^i^^^ ahi^er degree of protection. For example, the 

agd nst the bore surfa oclwth a pcessute ot about 31H5tf psL initial deathup wash may be earned out by spraying the 

^^gh pr^suie mast be used to cut aluminum, which is clean-up solution at 150° F. for 2 ndnutes using a V& hich 

generally found to be at least 30 psi The movement of the nozzle openhig at a pressure of about 20 psi, ddivolng 

honing stones can be controlled by use of an industrial about 200 gallons per mhintes. This is immediatdy followed 

honing madtlne wherdn the honing head is pneumatically 25 ^ ^ water rinse 21 at ISO"" K for about 40 seconds using a 

lowered and raised along a path for rec^socatlon,; eadi nozzle spray opening of VA inch at 20 psi delivering about 

contact area (particle edge) of each stone will undergo both 170 gallons per minute. The dean-up wash may then be 

rotation and reciprocation along the strote path. repeated f<flr another 60 seconds at the same tenq>eiature, 

The stones effect a pattern of qrfral overiapping ahrasioiis pressure and water flow as previously described, and then 

or scratdies on Ae surface. For exan^e. cachpartidc. when 30 followed wifli a rinse 21 at the previous rinse ten5)eraturc, 

in contact with the surface, will plow a miao-sizcd, non- and pressure but using a slightty smaller nozzle opening 

smoottiandiiregqiar shaped groove in the alumiaum surface su<* as H inch, to ddiver less water (100 gaUons per 

whidi results in a spiral peak and valley along the direction minute). This again may thai be followed by at thiid rinse 

of movement of the paitide. Upon repeated rcc^Jsrocation 21 at ambient temperature for about 40 seconds at about 20 

rotation, tijcre will be ovcriqrping grooves and cross ahrad- 35 psi using a inch spray nozzle opening giving a flow rate 

ing of the prior peaks and valleys at intCKections which is 1*^0 gallons per minute. The hot temperature of the 

then aoconq>anied by a molding and folding over of certain dean-up sohition and of tiic rinse hdps to penetrate the oil 

of the prior peaks and valleys to create the irregular micro. a^d soil deposits in and on the part surfaces; leaving only a 

sized tears or fdd and undescuts. TTie abrasive particles are filni prevents oxygen difiusion to the fresh metal sur- 

randomin grit size (30-400 UJS. mesh) to effect file incgnlar 40 

spacing of the grooves cr scratches, and die abrasive par- Thermal dqposition is then cg gri^outto form a mecfaani- 

tides wiU be jagged at the point of contact with die surface jsaLaiid die mical ISj^oTf^^p parSBS'^ jo1ffie|igrte»a^ 

to effect non-smooth side walls or valleys for each of such sMf y e 2jLjI^chardcal"adher^i^ adidevedl^Mhe migra- 

grooves. The stones are preferably moved at a surface speed ^tion of the sprayed partides into the irregular texture and 

of about SO-200 sfin.; the rate of plowing of the material is 45 undercuts 25 (see HO. 2) during tlieina al deposition as a 

usually 0.0075 in.^/lnymin,; and the number of grains con- result^ ,tfac,forcc~of-impact'^iw^ 

centiated in the stone is generaUy about 30-50 carat weight ch^d^^f the p£ffticles^upon^^ntadmdi.the.aluminu^ 

for diamond. The resulting boned surface or roughened surface. Migratiouloto die undercut and iiregularj^tuie 

finish of the aluminum surface will be in the range of about will create a mechanical adherence'of the^oatihg to the 

0.5-17 naicromctcrs- For exanqile, if 600 grit honhig stones 30 work piece surface. (Jiemical j^^nceis.adueyed.by.use 

are used, a surface finish of 15 will result oTajgieaBal^^rja^^Mha^^ 

^ tii die surface topogrqrfiically rough^^Jt is then j^bSiSETa^^roS 26). Materials for suSTSnd 

washSTwIETdSSplolu^rztr coat may comprise 90% Ni/10% Al (by weight), or 95% 

used^iriKe'lSKjiSnf'IS dining the honing step or as an bronzc/5% Al, or 80% Ni/20% Cr. 

iP^g^Bj@II^^y waSniqBct'affiCT'K^ing' h^ 55 Thermal spraying may be carried out by powder plasma 

pletedLs^y wasMngls^ eatRBSG^^ considCT - or wire arc techniques each of which propel semi-melted or 

abi y less solufloia Snj^CTS^^ washing fuUy melted partides onto the target surface 24 of the 

solution is dtemicaU)Mppnstituted ^ a water based^li^uor substrate at a vdocity of 50-200 feet per second at a 

thingasTa ^'mSkaliriit y building agent sudTas l^droride of disposition rate of up to 20 pounds pet hour. The technique 

sodium or potassium, sSi^n^ potoSium meta silicate, 60 for powder plasma thermal spraying essentially oonqnises 

dodium bicarbonate or sodium phosphate present in an striking an arc between an anode within a cathode nozzle 

amount to create an alkaline condition of about 10-10.5 pH;; through which is a gas flow to form a plasma stream; powder 

(b) an aluminate forming agent such as sodium xanthate feedstock is injected into the plasma stream which mdts at 

hydroxide whkh may be fluoro silicomzed (c) surfactants, least the shell of eadi partide and thrust them as a spray into 

sudh as non-ionic low foaming flurorated hydrocarbons and 65 the direction of gas flow. 

non-soaping low foanung agents such as octoates of sodium For wire arc thennal sprayings the process comprises 

and potassium hydrocarbons, and sodium gluconate, and (d) feeding one or more solid wire feedstocks down a rotatable 
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and recqirocal journal shaft to the wire tip(s) for promoting We claim: 

an arc through whidi a gas can be projected. ELedrical 1. A method of treating light metal eyUnder bore walls to 

doxent horn a power source is passed through tiie wire to adherently receive a thennaUy sprayed metallic coating 

aeate an arc across the gap, while pressurized gas is directed thereon, said treatable walls carrying a film of grease or oil 

through the g^ to spray fully molten dropl^ from the wire 5 resulting from machining cpcratlons* conqjrising; (a) honing 

lip(s). The dixjplets are projected as aresult of the force of said walls to produce a near net shape cylinder surface 

the gas onto the sprayed target. having spiral overiapping cross-ahrasions widi some peaks 

, , , > . valleys folded over and molded to create surface tears, 

FoUowing the deposition of the bond coat (usually in a ^^^^ ^ undercuts rendering a hook and ladder effect, said 

diickness of 0.002-0.006 inches), the final or preferred top honing being carried out with the use of a machining coolant 

coat 27 is then applied by thermal spray. The top coat may ^ pstevent burnishing of said walls; (b) either ooncuirent 

consist of a material that is selected for both its lubricity and therewith or following step (a), washing said honed surface 

wear resistance. Fosr the powder plasma technique, the ^ allaHne solution comprising (i) an alnminate 

material may consist of ferritic stainless steel mixed wifli fanning agent that produces an aluminate residue oh the 

mcfccl encapsulated BN, or aj^ waUs and (ii) surfactants that pfovidc for wetting of the walls 

mg up to 0,1-0.5% (wt.) cari)on and 0.2-2.0% cBtygen (the ^ 

lattcrbcingatleast80%inthef(raofFcO^^^ ^ the sohitian except for said 

the wire arc spraying tediiuquc, the feedstock material may thomally spraying onto said washed and 

conq>nse a low aUcy steel wirc such as 1010 low carbon ^ ndtaiiz^ bond coat that is sprayed witfi 

steel, nie top coat 27 is applied m a thickness, 28 Really sufficient velocity, inmact and heating of the sprayed par- 

F^i^.l?. ^5 r^'^wl^^^'^L^^^' respectively ^ tides to promote mi graiion oT su^jS t je S TeCT 

0.006^.010 mches) Finish honing 30 is then employed to f^SE^^^^W'^^^^^^^^^^d 

remove only about 50-150 ndcrometcrs (0.002-0.006 fig gga surfa ce as w^l as chemicaUmSaUmBCSnn^ 

indies) to create a final smoothed surface 29 (ai-04 yrfa^^^p^fp^^ 

micron Ra) that is aHgned concentricaUy with the mank bore ^^' TjjS^S^'^s^^fitoj, coat onto s^d bond ccatwhidi ha s 
^^^^ C 'inyasedw^l^stanc^ 

UscofrDughhoning,useofawashingattdicsidue leaving^ the medioa as in ciaim l7^m~wl]Lich said solution 

solution and use of a bond coat create a synergistic adhor- contains alkaiinity builders selected from the group com- 

ence ^ect If the prior honing step were to be eliminated prising sodium hydnxxide, potassium hydroxide, sodium or 

and only the and washing leaving residue solution and bond 30 potassium meU silicates, sodium bicarbonate and sodium 

coat wm to be utilized in preparing die substrate, (he phosphate. 

resultant adherence, determined by a conventional adha:- 5. Itie method as in claim 1, in which said alnminate 

ence test (e.g. ASTM 313), would be about 3000-5000 psi forming agent is sodium xanthate hydroxide. 

the bond coat is eliminated and only rough honing and the 4. Hie noctliod as in claim 1, in which said aluminate 

washing and residue leaving solution employed, adherence 35 forming agent is a fiuro siliconized compound 

of the top diermallysfffayed coat to such a prepared surface 5. The method as in claim 1, in wfaidi said washing 

woild be in the range of 2500-3500 psi and would likely solution is maintained at a tenQ)eFature of 120^-160^ F. and 

peal in c^eration when used in an engine block. If the is spiaycd at a pressure of about 5-30 Fsi. 

washing and residue leaving solution step were eliminated 6. The mediod as in daim 1, in which said walls prior to 

and only roug^ honing and a bond coat employed, adherence 40 the honing step are machined by a single point milling tool 

of the thermally sprayed top coat to the substrate would be to a surface finish of 0.5-50 micron and the milled 

about 500-1500 psi. This should be compared directly to the surface is thereby aligned about a predetermined axis deter- 

adherencc values obtained when those three features are mined by the tool. 

used in combination, creating a synergisttc improvement in 7. The method as in claim 1, in which the cylinder bore 

adherence to 6000-8000 psi. 45 walls are constitnted of aluminum or alumimim alloy and the 

While particular embodiments of the invention have been ^^I^L^hiff ^! ^^^S^^^ n^tSt^ 

illustrated and dcsaibed. it wiU be obvious to diose skilled 6000^000 psi as tested 

in the art that various changes and modifications may be mu _*t- ^ • 1 • < • t.--*. 

jt * J It • *2 J •* • »• The method as m daim 1, m wnidi said washing 

made without departiEm from the mventton, and it is , ^. , ^ . - . Tie ^ * * -j 1 

Intended to cover in tteappended chdm aU sich modifi- » l"^!^ "«»»J«»«= surfactants to ptovidc alow 

cations and equivalents affan witMn the true spUt and ^"^^ diaractcmtic and a non-«nuttmg agent 

scope of tUs invention. ***** 
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